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A sinulaticn approach is given to estimating the 
distrikuticn of navigational errors observed during a 
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Exponential and Gamma distributions are sinmulatead with 
sample sizes identical tc the actual data. The 
Simulated samples are then replicated one tnouseanG 
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parameters such as skewness, sStandarc deviaticn, 
Soeertricient of variation, range ard selected 
quantiles. Comparison cf these parameters is then 


fade with the parameters observed in the data tc 


mecermice the fit of simulated distributicns. 
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Simudatten tOwpEOvide enswers to difficult prcblense is 
not new. An attempt to simulate the distributicn of 
Navigational Errors when using an existing cr proposed map 
Peoauct Ais new. A field experiment ccnducted by the JU. S. 
Army Comkat Cevelopments Experimentation Ccmmand (CDEC), 
MAPERO III, during the period April-May 1977, was the 
Betavaticn fcr a Simulation approach to the distributicn of 
Navigaticnal errors achieved during this experiment. This 
thesis 1s crganized as follows to explain the Simulation 


approach taken and the results cf that Simulation. 


Bee SECTION If - BACKGROUND 


This section is important for the reader whe is 
unfamiliar with the HAPDERO IIT experiment. It previces an 
Cverview cr the experinrent te include a discription of tne 
experiments’ Ilccation, players used, the bap products used, 
@es.gm and cbijectives. PiVemenesUlbts sor VMAPPRO “Iii - and 
analysis téchnigue CDEC utilized was provided as a d¢pérture 


Seernmt £Or a continuing analysis. 


Eee SOCTICN Ili - DESCRIPTION OF DATA 


in 
hod 


This section describes the Gata used icr analys: 
MeecrElpeich ¢z tne raw data, generation of the data pcints, 


transformaticns used, accuracy of the data, fcra fer 





mmaiysls and guantitcy cf the data is previded. A sunmary of 
mre cadidl nevigaticrn eErrers is provided as a link to the 
gcal of simulating these ¢rrors with an appropriate 


fest ributiocn. 


Meee oECLTICON 1V¥V —- WALURE CF THE FROBLEMN 
The nature cr the protlem 1s a simple statement cf the 
gcals of the thesis in relation to what was accomplished by 


CLEC and what cculd be achieved Ly affroximatine the 


@eectibution of the radial navigation errors. 


feo oc LT ICN V - TESTS CN THE CATA 


A description cf the tests perrormed is given tc 


9 ° 


Me@ecmine i tertinent facts ahout the data. Sirce 
Pemiiaticn cf the radial navigation ercctrts coulc be 
accomplished by simulation cf the comoonents of the radial 
ecror, tests were perfermed cn the conponents to determina 
1f these ccmponents were correlated. Since dll cf the 
components cculd not be definitely defined a& uncorrelated, 
a ccmponent apprcach to simulation was ¢lininatec from 
conszideraticn and the regainder cf the tests vere performed 
to test the homcgeneity cf the data points of the radial 


eLfrors. 


Pemeeeec ICN Vi = SIMULATED DISTRIBUTIONS 


Two distribution&S were simulatec tc jprovide a closé 
MeenOxlmaticn to the distributicn of the radiai errors. fhe 


Expenential simulation was performed as a resuit or CDEC'S 





PeleaM@dticn that the distribution was Exrcnential. The 
secénd distributicn simulated was the Gamma. A description 
of the methed of Simulation, the statistics investigatéd and 
compilaticn method is provided for both simulaticns. A 
ccmprarison of the two Simulated distributicns and their 
associated farameters was then performed with commerts made 
for each wap product fcr daylight and for night navication 


trials. 


meso eCLION Vit — CONCLUSIONS 


The Gamma Simulaticn provided the best afrroximaticn to 
the cadial errors for aii but one map predtct. Since CDEC 
@euld Make nc conclusicn by use cf cadiail errars on which 
mar preduct performed best, usé cf the simulated 
G@estributions was used to discriminate between the maps. An 
alternative method of ranking the map products ‘is Peccuaced 
mmminciuded tn this section. Guidelines fer applicaticn of 


miemresult are alsc prcvided. 
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Pee tiot Cr NEW ANL IMFROVED MAPS AND MAP EBRCLUCTS 


=—@ =e ow a ew aoe 


Evringestne period April-May 1977, The United states 
Army Comkat DevelcpmentS Experimentation Command (CLEC), 
Fort Ord, California conducted a Test of New and Imgrcved 
haps and Map Products (Snort title HAPERO III) in order to 


€évaluate the four map products used by armor fersonnel in 
(1) describing Speciive Matitary Grapuic Infcrmation (G1), 


fa) Navigation cf specified day and night routes to 


preselected checkpcints and 


Mera) ilccating Specified targets during daylight and night 


mime envircniuients. 


2. Experiment Descripticn 





MAPPEO ITIL was a three-part experiment. Part 1 
evaluated the ability of selected armcr persé¢nnel to 
identity MGI. Part 2 evaluated the effects on rcute 
planning, Mnavigational accuracy and target location during 
Payeight hours. Part 32 was a duplication of Fart 2 e¢xcept 
elas Lt Was conducted during periods of light levels less 
than 0.00025 fcot candles. 
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All trials and tests were conducted at Fort Hunter 
maeggett, Califcrnia in the upper Garilan Vailey in 
Miac~-tO-rclling and rolling-to-rough terrain. 


fo bty-stxeplayers Participated in Part 1. Iwelve 
ALMOL cfficers (2nd Lt) and thirteen armor mid-grade 
noncommissioned officers were available for farticipaticn in 
meres 2 anc j. Homever, Only eight cfificers and eight 
ncencommissioned officers actually participated in the trials 
cf parts 2 and 3. A noncommissioned officer performed a 
dual role as vehicle driver and ccntrcller durine all 


trials. 


Four 12:50,0C0 map products were involved in the 


Bests: 
(i) Standard Line (Map A). Army stardard issue mar. 
(iil) Enriched Line (Map §£—). A map variety usinc the 
standard liné map as ae base. Vee eva tidy stole t.eane 


gecgjraphic information 1s added and utility enhanced tkrceugh 


Shaded reliet. 
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(fa TyPOEthornecroOtap {Map C). A fhoto-basec map 
Eroduct procuced from a cclcr mosaic of aerial photccrargas 


and printed using a three-colicr process. 


(iv) Black and White Photo (ifiap D). A map preducea 
from a Single photcyrarh of a mosaic cf fhotcgraphse and 


conzaining a military grid system and marginal informaticn. 


oe ee eee ee et — a ee 


6. Experimental Design 


Part 1 of the experiment was designed to test flayer 
personnel in their ability to identify MGi on the fap 
Froducts . This was accompiished through the use of several 
standard examinations prepared by the Engineé€r Topcgrarfhic 
maperatory. Pao Orne expcrinentgmere designed - 
to evaluate route planning, navigationai accuracy and target 
locations, accomplished by estanlishing fcur navigaticnal 
lanes in the Gabilan Uitreev EOE eEOtn ddyseand Night “trials. 
Along each lane were six preselected checkrcints and at the 
end of each liane, individual observaticn pcirts (OB's) were 
used to iccate targets. OP's at the end of lanes 1, 2 and 4& 
each had two targets tc locate. The OP’ at the end of lane 3 
had three targets to locate. The lanes, ckeckpoints, CP's 


and targets were different fcr day and night trials. 


7. Experimental Objectives 


oe eee ee oe — See Se ces See 


The four principle objectives of the experiment were 


tc obtain data on 


{i) Row clearly each map product deficts tyfes of 
MmGE during daylight cornditiors; 
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Phe tnewuSeaitness of each mar product in 
wesualizing varicus terrain features and in answering 


reliet-related questions; 

(52 1.) Same cunmealtrerent Map pErccucts cn revte 
planning, navigaticaal accuracy and target lccation during 
daylight hours; 

(iv) The effects of four dicferent map products cn 


Mavigaticnal accuracy and target location during pericds of 
memebaght visability («0.00025 foot candles). 


Eee esUliS Cr MAPEFO iil 


1. Military Graphic Information { 


| 

| 

| 

{ 

| 

| 
ic 
I@ 
lin 
t-- 


The players answered written guesticns akcut MGI 
features mcst accurately with Map A and least accurately 
emlith Map OD. 


2. Lay navigation 


ae es ae —_— a a Soe 


Th2 Analysis of Variance (ANOVA) cross-freducts 
considering only the mMap/route combkinations were 
mettrsticdlly Slgnificant. A Chi-Square gccdness ci fit 
test of the sample distributicns or day navigational radiai 
G€Lreor indicated that the closest fit was cktained [ry an 


expcnential distributicn. 
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The dargest radial error componerts of rance and 
defilecticn cccurred with Map D. There was little difference 


Eetween these error cogzronents with the cther maps. 


4. Night Target Location 


There was no statistically significant difference 
among map prceducts. The dispersion cf radial e¢érror was 


Slightly larger with Map D. 


Of the ANOVA cross-preducts, the gap by reute and 
Sect cf players Ey route were statistically significant. 
Navigation was least accurate with Map [ and Map C cnr the 


most difficult route (Lane 4). 


Bee aNALYSIS TECHNIQUE 


A three-way ANCVA wiaS berrormed by CDEC or the 
Navigation radial error. The ANOVA considered 4S fEessibie 
sources of variation the mar product, the routes ard the 
sets of players. <A set of players consisted cf two cfficers 
and two ncncommissicred officers who used all fotr map 
products on all four ianes. The players were assignea sets 
pricr tc record trials 1m a manner designed to minimize the 
dirterences tetween sets. This assignment was acccrrlished 


Ey reviewing players’ scores on the written t¢sts and 


We) 





Evdliiating their field performance during explcratory 


Geials. The best players were assigned t¢ work with the 
worst players, and the average players Were grouped 
mogether. Rationale for establishing sets was that this 


permitted ncergwai ANOVA techniques which require entries in 
all data cells. the raw data fer the ANOVA'S were ccnverted 
Ey @ lec 10 transformation, which tends tc normalize and 
stabilize the variance. One of the assumpticns for ths type 


cf analysis is nermality of data. 
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A. sSOUKCE 


The raw data were rurnished by the United States Army 
Comkat Cevelopments Experimentation Command, Fort Cred, 
California. The data points were generated during the 
memagict Cf the Test cf New and Improved Maps and Map 
meeagucts (Short title tASPRO) Phase III, during the pericd 3 
meeough 23 May 1977 at fort Hunter Liggett, California. 


E. NATURE OF THE DATA 


The raw data were in the form of tenedagae 
coordinates giving Jlccation tc the nearest mater, ccdes 
identifying the lane, day/night trial, player, checkpcint 
and map pfrodtct used. 


The data pcints were generated by daylight and night 
procedures. The daylight precedures were tc assign a slayer 
to each cf the four navigation lanes availatle, presert the 


player with a map frodtct with six designated checkroints 


V7 





mor a@ fiayer to plan his cwh navigaticn route to the 
identified checkpoints. For safety reascns during night 
trials, the playérs were provided the chéckpoints anda 
designated rcute on the map product. As a player navigated 
his planned cr designated route, his pesiticr was constantly 
monitored by electronic location designaticn devices. Cnce a 
player decided that he was at the designated checkpoint, he 
infcrmed an his controller who activated a switch on his 
transmitting unit which acconpanied the player and 
@emtEclicr in their vehicle. The act of turnin on the 


transmitter designated the lccation or the vehicie. 


The raw data fpoints in the form of ccordinateées were 
then compared to the cccrdinates of the designated letation. 
The actual location was then subtracted frem the player's 
leocation which resulted in positive and negative values on 
an x,y axis with the designated location réeing (0,9) c€a the 
axis. Pcsitive values are errors in the srcerth and east 


mrrecticns. Negative values are errors in the south and 


west directicns. 


YW. Accuracy 


— ee ae ae ee ae 


The accuracy of the radial errers calculated was determined 
by the measuring devices used. Because these calculaticns 
are to the nearest meter, the errors are prcekably continuous 
and identical values are due to rounding, even theuch the 


underlying distribution 1s ccntinuous. 


Fer ¢layer satety, the actual Locaticn of the flayer 
Was continuously mcnitcred. When a player deviated emcre 
than 500 weters during daylight trials, and more thar 50 


meters during night trials from bis selected or prescribed 
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Icute, the player was guesticned to determine it he knew his 
iccation. If he did nct Know his location, he was declared 
erst and returned to his frevious checkpoint. This 
procedure, althougd assuring safety on the ccurses and keing 
an cperaticnal necessity, limited the radial errors which 
wculd otherwise have been observed. The numter of everts in 
which a pléyer was lcost iS an important farameter with an 
impact urpon the performance of the four map fgroducts. The 
number or lost flayerc events, however, was small in 
cctpariscn tc the number of navigaticn fcints used ir the 
sample. Tacle I gives the number of icst tlayer events for 
each mac and the total lost player events. There were 965 
checkpoints tor each of the map products and 384 checkjicints 
tetal ror ¢ach of the daylight and nigot trials. No récord 
was made if a player recorded multipie Acst player events 
when trying to réach a singié checkpoint. Jaktie I lists the 
number cf dlcst flayer events reccrded fcr each map avring 


the two teriaLs. 
TAB Gee GOST ERAYER EVENTS 
PA CIGHT Sr RLALS 


MA? A MAr B Mar C fae TOTA1 


NEGO LELALS 


MA? A Ma? B MAF C MAP L TOTAL 
1 ze 5 5 i 


The sample sizes for icst playérs is toc smali tc fake 
Statistical inference in the data. Tne conclusions dréwn by 
CEDC that there is no difference in the effect of the tars 
during Caylight Trials and that maps A and 5 performed 
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ketter with fewer lost player events during right trials was 
Subjective and probaktly accurate. Withcut the benefit of 
knowing which radial errors were achieved after a lost 
tlayer event and the voossiblility of purging these data 
peirts, ncething more can be said apout these events and 
their effect waS not considered in the remainder cf tke 


analysis. 


9- Ferm £0: Analysis 


The ten-digit cocrdinate of a player's location was 
Seait Puce two  pak<ts: Pneweteese T[lve Elgures beinc 
East/West anc the second five figures being NerthySouth. 
Ghess figures translate naturally into the x and y axis. 
Aksclute riss distances trom the actual checkpoints was then 
@ameculated Ey suktracting the Nerth/Soutiz. anc East/West true 
checkpoint figures tron the player's Nerth/South and 
Eastsywest figures. This frovided X and ¥ readings which 
were individually Squared and then the X-square was sugmed 
Bath the asscclated Y-square. A Square-rect was then taken 
of this sum and the result was the absoiute miss distance 
from the actual checkpoint, subseguently rererenced as the 


Radiai Error and the data form used for analysis. 


bemeedantaty of Data 


There were four map products tc evaluate, fcur 
havigaticnal lanes and six checkpoints on each lane. Eaca 
Rap product sas used on each navigation lane resulting in 96 
readings for each map during daylight trials and 96 readings 
Per each wap during night trials. The tctal number of 
readings was 384 for daylight trials and 384 for night 
trials. 
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Me oUNMAGBY CF TRE RAVYIAL ERFCRS 


SulMeries of the calculated tarameters of the Radial Frrors 
meer gaven in Tables II and MIil. All values, except tor 
Skewness and Kurtosis, are in meters. Tke Skewness is a 
measure of the syretry akcut the mean. The Kurtcsis 
indicates the shape of the density function with iarge 
values indicating sharp peak and small valu¢s indicating a 
tlat peak. 


Meeker it = SUMMARY CF RADIAL ERRORS =- DAYLIGHT TRIALS 


Mar A MAP B MAE C MAP D 
Mean 42.14 G4, 24 WZ 3 G7. 17 
Standard Ceviation 65.60 H52180 oy eg Oe 60.24 
Skewness 2.516 2.687 2.062 1.821 
kurtosis Se 7.802 3654 sels Ges 
10th Quantile 32006 5) 5 (Oils: Sirgen on. Sie ee 
25th Quantile S275 oral as 9.641 BA oo 
50th Quantile 12.35 5 ig ae fe 2 V7 sue 
75th Quantile Bice koe) ete 15 Dec 2 T2504 
SOth Quantile 115.8 107.8 1800 126.6 
Maximuo Sto o7 Baie 274.6 ZO2 0 
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iio ete e = SUMMARY CF RALIAL ERROR 


Mean 

Standard CLeviation 
Skewness 

Kurtosis 

moth Quantile 

25th Quantile 

5Cth Quantile 

75th Quantile 

90th Quantile 


Maximun 


MAF A 


VG. 


60.20 


ae 


79) 


roi. 
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Src Ucliized a transitormaticn of the raciai errers in 
crder tc perform ANOVA on the data to deterrine differences 
meer ne Map products. fhe only attempt tc identify the 
distributicn of radial errers was a Chi-Sguare Goodness of 
Fit Test which accepted the hypothesis that the errors were 
Expenentially distributed. sanec CLrc ccaldinot ratrk the 
effectiveness of the map products using ANCVA techniguées, 
knowledge of the distributicn of radial ericre could crovide 
Pemiekl methcas tc arrive at a decisica as to which map 
Froduct fperrornmed best. The preobléen, tkerefore, is tc 
determine the actual distributicn of the radial errors. 
This Thesis is. a simulaticn dopeoden  .O finding a 
@is=ribution itenebics: L1lt= tie actual distribution cf ‘the 
navigaticn radial ettors. Two distributicns, Exponential 
and Gamma, were Simulated and compared to the actual data. 
cnce a distribution for the radial errors has freen 
approximated, decisions about the perfcrmance ci eack mar 


Frojuct can ce made. 
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Bee EF ARAMETRIC TESTS 


Wmemarprcach tc Situlating the radial ¢rrcers would he to 
Simulate the X and Y errors and then ccnvert these valves tc 
radial errors. In crie€r to simulate the xk and Y values, 
kncaledge of the correlation between the X and Y values was 
réeguired. If little cf no cerrelation existed between these 
valyes and the distrionuticn of these values cculd nbe 
approximated cy the Necrmal distribution, tne problen of 
-Simulaticn uwculd be ‘reduced. An analysis Of thc, X sandy 
valués using a histogram was not. encouraging.in that the 
Waluces did not appear Wormaily distributed. The follcwing 
test assumes that the kK and Y values are Ncermrally 
Gestributed. ei were ci Statistical Package [Ref. €] was 


used in the following test. 


eee Elvariate Plotting 


= ap ae oe oe —_«_ ap = awe a 


Mmewetivartate “plotting of the xX, Y data was 
performed tc observe the relative lccaticns or the (X,Y) 
errors ir relaticn to a commen checkpoint and to determine 
ig txrends cculd ke oosexrved. These plcts were prepared tor 
BaiGn Map for dayiight and night trials. With each plot, th 
EIMED Statistical Package provided the ccrrelaticn, the 
méans and standard deviaticns of xX and Y, a linear 
téegressicn line and the residual mean squares. The results 


of this analysis are described in the fcllcwing sectiors. 
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Since the BINEL bivariate plotting cf the X ané Y is 
raseéd cn the assunption of Normality, tests or the 
Coefficient cf Correlation were based on the hypothesis that 
the Xk and Y values were inderendent if the eksolute value of 
the Coefficient of Correlation was not too large. A 
eeugdent*s "t"™ test was used for the hyrcthesis that the 
Coefficient cf Correlation equaléd zero. The "t" statistic 


was calculated by: 
Let: r= Sample Coefficient ct Correlation 
N = 96 
Then: t = r(SQRT(N - 2))/SQRT(1 - r¥r) 


The Significance Ot each Coetficient cf Correlaticn 
determines shether in fact the X and Y .values 9 afte 
independent (for Normally distributed X and Y values). The 
results fcr daylight navigation trials indicated a necative 
Meweetcicnt cf correlation cf 0.262 (Significant at Alpha = 
Mmeos) tor tap A, a positive coefficient cf ccrrelaticn of 
0.154 (Significant at Aipha = 0.07) for Mar B, a negative 
coefficient cf correlation of 0.223 (Significant at Alifpha = 
0.008) fcr Map C and a positive coefficient of correlaticn 
feu. 085 (Significant at Alpha = 0.20) for Map D. Sap OD 
accepts the hypothesis for any Aipha less toan 0.20. Map 38 
accepts the hypothesis for any Alpha less than 0.07. Mars A 
and cC reject the hyvothesis for reasonakle Alpha veélues. 
This indicates that tne values fcr at least two of the mafEs 
are correlated under the assumption of Normality. The 
BeevitS for night névigation trials all reject the 


hypothesis. 
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3. Olfserved Trends in the Plots 


DORM ticmmdaymrgnt trials, most of the (K,Y) errors 
Meme CO the west and South of the actuai checkpoint. This 
result is net Surprising, given the human tendency to drift 
memeene Laight when attempting to go in a straight line, and 
most of the routes to the checkpoints f£fcllowed a general 
wemucne Of East to Southeast. During the nicht trials, the 
Saweé trend in West and South errors was ckserved., MWMaps A 
Peewee SECwh trends in that the radial errors are in a 250 
meter bard freom Northwest tc Southeast. Map B and DB éc net 
Exhibit this trend. 


Eee NONPARAMETRIC CORRELATION TESTS ON X ANE Y DATA 


_ To further investigate the Hosoi eye On COrETe la fon 
between the xX and Y values, several Nonparametric Tests were 
performed. The EFEivariate Plctting and resultant correlation 
provided freviously, assume that the xX and Y values are 
Normally distributed. Since this fact has not been shown, 
Ncnparametric tests for correlation were fperformed. pase 
tests shcwn below were performed by the SINNED Statisticai 


Fackage. 
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The results of the test were as Eolicws: 


MAP A MAP B MAE C HAE D 
Daylight Trials -0.275 -0.015 -0.C6S 0.0C7 
Night Trials ~0.209 =(.324 -0.410 =0.272 


Since the number of samples is greater than 30, the 
distribution of the Spearman Rho is adeguately approxinsated, 
under the hypothesis cf no trend, by a normdl distrikution 
With mean zero and variance (¥) egual tc the recifical cé 
the sample size minus cne (V = 17({96 —- 1)). The value 
C.01053 was then used aS th2 variance, so the Stendard 
Pevaeation was 0.1026. The hypothesis cf ne trend coulc then 
ke rejected with an Alpha = 0.10, if the aksolute value of 
Spearman RhO was greater Pinatas | V0 by etnis Criteria) tap 
Meeeeduring daylight trials, and ail maps during the night 


fibealS, Show correlaticn between the X and ¥ values. 


2. Cther Corcsiation Tests 


The Kendall Rank Correlation Coefficient Test was 
alsc performed and supported the findings of the Spearman 
Rho and is net included. Since a corrslaticn is indicated 
ketween the X and Y values, a Sinpie simulaticn of the X and 
Y values was not possikle and the apprcach a#as eliminated 


meom COnfSideration. 


Za, 





MIONPARAMETRIC TESTS FOR HOMOGENEITY OF RACIAL ERROFS 


Since the X and Y values were not uncorrelated for ali 
Maps, the simulaticno of the radial errors Ly simulating X 
and ¥Y was discard?ec and emphasis was placed cn the radial 
SELcrs. Tests were performed cn the radial error valtés to 
determine if the underlying distributions fcr the radial 
€rrors £LOR all map products were tne Same. Two 
Ncnparametric tests were used: The Kolmogcrcev-Smirncv Test 
is a pair-wise test and The Kruskall-Wallis Test is a 
multi-sagfle test eC determine lag the underlyiag 


PeStribputions are the same. 


i Krouskali-walilis Test on Radial Errecrs 


A Kxuskall-Wallis Test was performed on the data to 
determine if the values were drawn fron the samé 
aestcibution. Statistic (H) is generated Ey merging all of 
the sample data, rank crdering the data and then grcufing 
the data into their original sets and summing the ranks for 


€éach set. The Kruskall-Wallis statistic, H, is given [ry 


H = (1Zy/N(N + 1)) R17n + R2ym + RBVL + R4yp) - 3(N + 1) 
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Ri=sUtece LCanks fcr Map A 
Ro sun CL Ebanks fcr Map E 
Ro-oUM CE Lanks £Ecr Map C 
RQ=Sun cf ranks fcr Wap D 


m= nf = 1=p = 96 


N leet Coe top = 38h 


Mae distribution of H is then Chi-square witr three degrees 


mee rreedca. 


Ccmparisons of the radial errors fcr the fcur taps 
tor daylight and night navigaticn triais cctld not reject 
the hypcthesis that the radial errors for daylight cr tae 
radial errors for night came from the same. underlying 


feestca bution. 


2. Kolmsgorov-Smirnoyv Test of Radial Errers 


eee ee ea a oe ee ee ee eee — <r a ee = — a a ae co ewe Ges == 


a. Eaylight Navigation Trials 


Emperical Cummulative Distrikution runcticns 
were calculated for each maf and plotted cn the same scale. 
This was accomplished by incrementing Ey five meters, 
ccunting the numrer of values which were e€gual to or less 
than that increment sum and dividing by the sample size of 
Mmemety-Six., USing pali-wise calculaticns and an Alpha valué¢ 


cf 0.10, the results were as follows. 


Let d=MaxjF1(X)-F2 (X) | 
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neecerpewat Atdpha-O.10 Tf d <1.22(Sqrt(2/Se))=0.176CS 


Map aA 
map A 


Map A 


The Kolmcgcrov-Smirnocy 


Vs 


VS 


VS 


Vs 


VS 


Vs 


ia, 
ap C, 
Map D, 
Map C, 
Map OD, 
Map D, 


ese 


d=0.00<0.17605 
d=0.06<0.17609 
d=0.14<0.170GS 
d=90.06¢0.17609 
d=0.14<0.17609 
d=02 1250517603 


cannot reject the hypothesis 


that the underlying distributions are the same. 
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Veo tivonteDeDiSrTxiBuUrTICNS 


Ee ae ase Sep cee com ce a cee et ce 


Arter crEserving the ahistcgrams cf the actual radial 
errcrs and recognizing the fact that the radial errors weuld 
ke positive values, the Simulaticn art random variables which 
had vaiues less than ZExXO were élininated fron 
eensideratioc. The CDEC report used a Chi-Sguare Gocdness 
cf Fit Test and estimated the distributicn cf errors tc be 
Exponential and Was, therefore, included in the 
investigation. The Gamma distribution was investigated tc 
try to explain tne shape cf the histcgrams and the larger 
number of values near zero. A lack of time preventec the 


investigaticn of possikle combinations of distributions. 


fee SLMULATION OF THE EXPONEMIIAL DISTSIBUTICN 


1 General 


jemeeoeatedmeii Ohnapecer £1, CoEC perficrmed Chi-Square 
Goodness of Fit tests to the radial errers ard stated that 
the expenential distributicn provided the test fit. Since 
the Chi-Sguare Test is sensitive to how the date was 
meetioned and grouped at the tails of the distributicns, 


this test is not very suitable. 
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Ey reading the radial errors intc the HISIF/sg 
Library package, a histogram of the data was produced and 
twenty-six pertinent statistics were generated. The tgeéan, 
eoefticient of skewness, and coefficient cf kurtosis aré 
three of the twenty-six statistics and weré computed as 
shewn belcw. 


Mean= X({1)/N 
Skewness= (third Ceatral Mcment)/(Standard Devation) 


Kuctosis= (Fourth Central Monert)/(Standard Devation) - 3 


The skewness and xurtosis of distributions are of interest 
because they have ranges of values ECE particular 
mestripoutions. aA range of values was okFtained to ccmpare 
with the real data by Simulating the occurence of the randcn 


variable cver many replications. 


Sie 


The simulaticn procedure used was to calculate the estimate 
of the méan for actual radial errors and to use this 
estimate as the parameter for an Exponential random variate 


generator. The random variate generator is described Lelow 
X=Randosp Variate 


U 


Unifcrm {0,1} random number 


M=Estinate of the Nean 


aoe jel (U) 


Bz 





Ninety-six cr these Exponential (X) variates were generated 
tc Simulate the sample size cf real navigation radial 
eels. Theseé generated Samples were then replicated cne 


thousand times. 
4. Ccmpilaticn ct Replications 


Each sample of sizé 96 was read into a moecified 
HISTF/G sucrroutine in crdeér to generate the safie 
statistics. The one thousand replications frovided arrays 
for each statistic of size one thousand. The arravs fcr the 
méan, coefficient of skewness, coerficient of <«kurtosis, 
Ccefficient of Variation, Median, SOth Cuantile, 75th 
Quantiie and 90th Quéntile were then put intc the HISTF/G 
Libarary program. The cutput provided a sample distrikution 
cf the statistics which were generated by an Exponential (ij 
distributicn through which the actual data were compared. 


‘The tables cf these recults are in Appendix E. 


Pees lLMULATICN OF THE GAMMA DISTHRIBUTICN 


ap CoupyutaelonwGn (Paraheters 


Pe ee a oS ee as —_— = ee ee 


Ey inspecting the histogram generated ey the 
Experimental radial errors, the Gamma distribution apryeared 
a logical possibility. To compute the scale and <cJocation 
parameters tor the Gamma distribution, the calculatec mean 


and variance were used as follows: 
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Mean=Shape*Scale 
Variance =Shape* (Scale) **2 


This resulted ain Alpha(Shape) and Beta(Scale) parameters 
calculated as folicws: 


Beta=Variance/Mean 
Alpha=Mean/beta 


The calculated parameters of the distributicn are given in 
Table IV. 


TABLE IV - PAhAMETEFS OF GAMMA DISTRIBUTION 


UAL UGS ERT ALS NIGHT TRIALS 
Maz As Alpha=0.43501 Alpha=0.59214 
Beva— Jo 997 Beta=78.22957 
Map B: “Alpha=0.46086 Alpha=0.81735 
peta=96 .00516 petas77.17915 
Mate ©: AlLpna=0.59832 Alend=0 353357 
Beta=/8.94075 peta= 102.33 755 
Males ps Alpna=0.61320 Alpha=1.09553 
Beta=/6.92229 Bera = 7.50502 


2. Méethcd of Garma Simulaticn 


EE a a = a —- > 2 Gee ae Eo a ap ihe oe eo oo a 


In crdér to generate sample sizes cf ninety-six and 
Leplicate these samples one thousand tires, a rejection 
metnod was utilized to generate Gamma variates. The Gamna 
random variate generator used was from the Directcry of 


Routines in the International Mathematical and Statistical 
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Mmeoratye {ihcL) at the ¥. KR. Church Computer Center, Naval 
Mescgeaauate School, Ncaterey, California. Since all IMSL 
routines aré proprietary, the program cannot be included. 
Each cr the samples cr size ninety-six were then used as 
Petes IntcC the Modiztied HISTG/F Subreutine to gererate 
Sample sizes cf one thcusand for the twenty-six paramreters 
for both the Daylight and Night Navigation errors. 


Bee Ceppiletion or Replications 


The ccmpilaticn procedure was identicai to that used 
by the Exponentiai simulation. Results of the compilation 


are in Appendix C. 


SemeeeccOUPARISCN CF THE TWO SIMULATED DISTRIEUTIONS TO TEE 
ACTUAL CATA 


The ccmparisons keiow are made between the four. map 
rroducts for the parameters given. Replicaticns cf tne 
parameters provided Normally distributed data for all but 
the Kurtcsis and the Range. The support fcr a particular 
distribution was chosen by letting Alpha equal 0.7C and 
performing the standard Ncrmal Test. Repflicaticns cf the 
Simulated distriputions did not provide Normally distributed 
Kurtosis cr Range, sc standard applicaticn of statistical 
technigues was not aprfropriate. Ali Kurtcs1s and Range 
paraneters were checked to insure feasibility and not used 
to discriminate between the raps. Since bcth parameters for 
generating Simulated Expenential the neans of the 
Gistributions are not used aS a discriminating fparareter. 
The distribution statistics for the expcnential and gamma 
distributions presented in tables V througn XII are coded as 


fcllows: 
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Mee= The Actual Value. 

EMN - The Exponentially Generated Mean cf the Parameter. 
ESD - The Standard Deviation of the Exp Generated Mean. 
GMN - The Gamma Generated Mean of the Parameter. 


GSD - The Standard Deviaticn cf the Gamma Generated lean. 


Meme Y = DISTRIBUTION STATISTICS —- DAYLIGHT TRLALS - MAE A 


Paranete Lr AV EMN ESD GNN GSE 

Mean / Zena 82.23 “4.233 41.87 6.523 
Std Dev mooum red. 91 5.814 62.25 12.23 
Ccefr Var esd 8-05 c93" “O21Gl>- 12.488 0.175 
Range Biome eclise = Soe06 38/57 109.2 
Skewness ANOS Oe 2662 5 0.782 
Kurtosis feeson 35752 0 Sages) 6.790.756.2815 
eOcth Ont Romeo> 29.55 Yss7o 17. 20ee4. Hee 
Meth Ont Hoe. DOMm? .5036 34.23. 10.58 
S0tr Qnt iisecumes- 20 #12.03 9110.7 21.484 


The generated faraneters tot Map A Shown in Table V, 
support the Gamma distributicn of the radial errors fcr this 
Map. The Standard Deviation, Ccefficient of Variatior and 
end guantiles consistentiy reject the Expcnentias 


distriputicn and accept the Gamma distributicn. 
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TABLE Vi 


Fareaneter 


Mean 

Std Lev 
Coeff Var 
Ranade 
Skewness 
Kurtcsis 
morn Ont 
foeh Ont 


SOrr Ont 


AV 


44.25 


eyaiG Lis 


ie 73 


356.38 


Zio 


Uti e 


17.73 


94.15 


107.8 


EMN 


Mite woUr bongs PALTESTICS = 


ESD 


4.637 


6.441 


0.0938 


=)opas i 


OS) iA 


3.9458 


4.420 


7.941 


Gig 


41.87 


C397 


12.448 


Choe ae 


Aj oye) 2 


Sad27 


USGS 


a4 23 


eee 


The generated parameters for Map B, 


again 


errors for this map. 
2 O0eh 


Mariation 


Tne rest 


Exponential 


ard 


the 


distribution. 


DAYLIGHT TRIALS - 


shecwnh 


MAF B 


Vi, 


strongly support the Gamma distributicn of the radial 


The Standard Deéviaticn, Coetficiert cf 


Cuantile support a Gamma distrikution. 


parameters 


Within a normal range for 


Gamma. 


FOr 


the 


The 
both 


Expcnential, 


Support 
Skewness 
generated 
the 


either 


actual 


Standard Leviations frceom the generated mean. 


the actual value is 0.070 Standard Deviations frecm the 
generated mean. Gicariyy, the vactual value rore 
tochrortakle" in the Gamma distributicn, any 
reasonable Alpha value (<0.10) the hypothesis the 
actual value is from the Exponential distritution canrot be 
rejected. The 75th and 90th Quantiles equally support 


€ither a Gamna or Exponential distribution. 
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actual 
Exponential 
value is 1.535 


For the Catma, 


CL 


value is 


and 





Mace es Vil - 
C 


EFarameter 


Mean 

Std Dev 
Cceff Var 
Ranae 
Skewness 
Kurtosis 
Seth Qnt 
Poth Ont 


90th Qnt 


ESD 


ore 


6 .666 


0.095 


S74 


GMN 


47.45 


By elie) 


e262 


Bilas 2 


2.216 


6.106 


2.42 


E437 5 


118.4. 


The generated yarageters for Map C, 


ise weow len SPATE STICS = DAYLIGHT TPIALS 


shcwn in Table 


SUpport the Gamma distributicn cf the radial errors for 


map. 


Cuantile and 


The Standard Deviation, Coefficient of Variaticn, 


MAF 


Vii, 
this 
SOth 


90th Quantile sufpfort the Gaona Gistribttion. 


The Skewness and 75th Cuantile support either Exponertial of 


Gamma 


distribution. 


For the Skewness, 


Q0.553 Standard Deviaticns 


fxrem 


the 


the actual value is 


Exponential 
hor the 75th 


0.233 Standard Deviations frceom the Gamma mean. 


meal 


and 


Quantile, the actual value is 1.709 Standard Deviations fror 


the Expcnential mean and 1.261 Standard Deviations frem the 


Gala Mean. 
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TABLE ViLTI - LISTRIBUTION STATISTICS - DAYLIGHT TRIALS - MAP 
L 


Farameter AV EMN BSD) GMN GSC 

Mean ie edge 6651 47.23 6.361 
Std Dev DU 4d oe ok C5557 59.35 1C.1€ 
Cceff Var lic 7 029959002095 1.256 0.131 
Range Bower co aa "Doe 9D. 51654 88..599 
Skewness cy kia Ci me 02934 2,256 (05656 
Kurtosis ZeOs Sao Goy S682 6.438 ° 5.027 
meth Ont eerouw st si2 , Godot 25.67 S155 
moth Ont Wee O59.749 82CS 9764.54 10.266 
meen Ont Wee cu OC Cmet 9S 116, 7-19.66 


The generated farameters for Map D0, Shcarn in Table VIII, 
Support the Gamma distributicn cf the radial érrors for this 
map. iiemectandara Veviaticn, CoeLiiciecnt ef Variaticna and 


50th Quantilée support the Gamma distributicr. The remaining 


parameters support e€lther a Gapma Cx Exponential 
mrstribpution. Except LOG the Skewness, the Gamma 
eeStribution Balt is better than the Exponential 


distribution. The Expcnential simulaticn prcevides a t|ettez 


fit of the actual Skewness. 
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food LX ~- CPISTRIBUTION STATISTICS —- NIGHT TFEIALS <- 


Earameter 


Mean 

Std Bev 
Coeff Var 
Range 
Skewness 
Kurtosis 
moth Ont 
Poth Ont 


90th Qant 


The 


Map. The 


AY 


generated 


parameters fcr Map A, 


DSP 


4.653 


6.391 


Standard Deéviaticn, 


GMN 


MAE A 


Sewn 15 Leabie 1x, 


Sueport the Gamma distributicn cf the radial errors for this 


50th Quantilé support the Gamma distriputicn. 


remaining 


Expcnential cr Gamma distribution. 


generated 


parameters 


4 Q 


Suppert 


COetaemeten © Cf Varnaticn 


Om 


elther 


and 
the 


the 





fee = OLSTRIBUTION STATISTICS - 


Farameter 


Mean 

Std Dev 
Coeff Var 
Range 
Skewness 
Kturtosis 
Oth Ont 
Pech Ont 


SOth Qnt 


AV 


ba.0G 


69.78 


1.106 


463.1 


Ze S 


ike 3 


7. 19 


Gt eee 3 


134 cate 


1 Sy, 


Greco eZ 


9,184 


0.092 


Biz cD 


The generated farameters for 


Sucrort 


radial errors for this map. 


can be 


This fact is not surprising, 


the 


me O00). 


samma 


rouwmd -£o 


No 


statistical 


HE Gia soe ALS? = AD cE 
GMN GSC 
20977 97.128 
en iay, etal y, 
1.088 0.114 
3 Use Ore 13 
eset UZOeS 
5.074 4.629 
UU262'86.75€ 
Sd tha Wz 
Wa tego 2 he OS 
Maple stcwk Ih Lacie X, 


€itker the Ganma or Exfpenential distribution cf the 


G€LSerininacer 


GQeternime worchn GPStEILuticn 15 cecrrect. 


dastributicn 


was 


4] 


Since tn2 Snare 


parameter for the Gamma to become an 


parameter for 
close to the shape 
Expenecrtial (Share = 





mee AL ~ DISTRIBUTION STATISTICS ~ NIGHT TRIALS - MAE C 
Farameter AV EN ESD GMN GSE 
Mean 54.60 54.79 5.708 55.15 7.427 
Std Dev Utero tels §J5706 973.90 443.04 
Coeff Var lege Os Se9mO.09S 1.340 0.151 
Range Dove4 279.4 Gomi? 397.8 117.6 
Skewness Beoeo 1. f02 BO. ot2 253592 °0.6SS 
Kurtosis BOs so. 9/50 32.276 62106 4.7407 
50th Qnt emo esoed2) 556607 27.01 5.95C 
75th Qnat Oro 16.55. G.942 e74520 AZ.7E 
SQth Qnt iSonic So. 295 V1 S0 24.61 
The generated parameters for Map C, shcwn in Takle XI, 
Support the Gamma distributicn cf the radial errors for this 
map. The Standard Déviaticn, Coefficient cfr Variaticn and 
Skewness support the Gamma distributicn. The Quartiles 


Support €ither an Exponential or Gamma distribution. 
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MaeLi Xfi - 


Peon eN STATISTICS = 


NIGHT TRIALS 


MAP DC 


eaeamet er AV MN ESD GUN GSC 
Mean bo wUGmros 0) 6.212 40,20 3.562 
Std Dev OUneerO2.i20 “84731 37.92 5.153 
Cceff Var Teo else eons Qa9h4 0.050 
Range SUP eeu 9.03 8190.2 WO.5s 
Skewness Smeg 4.7675 0553551. 699 0.5C7 
Kurtosis eee See O06 FS Ee 9.652 9.214 
5Cth Qnt S270 740.23" 6.346 29.14 _4.06S 
fon Ont Coe oemeos 264 10.79 56.19: 6.752 
90th Qnt HOP ONMIOS.o tis Sounoletoa WilzZ 
The generated parameters for Wap D, shcwn in Takle XII, 


support the Exponential distribution oc radial errors for 
this 
the 


Variaticn 


The Standard Deviaticn and all guantiles suprort 
Oaly 
SUPPOrt 
The 


Ma b.. 
CoOcTficlenremro: 
the 


Peeenéential distributicn. the 
Gama Or 


the 


and Skewhess €lither 


Expcnentiai distributicn. resultyng Support GLOr 


Exponential distribution is nct unexpected given the rean 


and standard deviaticn relaticnship in the actual values. 
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Peto LISTEIBUTICN OF RADIAL ERRORS 


The simulated ganma distributicn provided the best fit 
of the farameters tc the radial errors. Since the 
Expenential distribution is a special case of the Ganma 
Sesotrabuticn, it was net surprising that the Exponential 
distribution provided good fits to the radial errcrs when 
CLEC pericrmed the Chi-Sgquare Gocdness of Fit Test. Map 02, 


Night navigation trials, is probarly best approximated by 


the Expcrential distrikutior. EOER @wmcther- “trials “and 
maps, the errors are best approximated by the Gamma 
feeetribution. 


Pee COUPABISCN OF THE MAPS BY QUANTILES 


Since nc statistical difference ccuid be detected 
ketween the means of the maps, a comparison cf the quantiles 
waS made. The purpese of the field experiment was to 
determine effectiveness of current and propcsed maps, thus 
the mean is a useful, but not an overly impertant statistic 
to cbserve. The real goal wculd seem to be tc find @e@ map 
Which resulted in the largest percentage of the e€rrcers 
Closest tc tke checkpoint. the 75th and 90th Quantiles are 


impertant Therefore, statistics. 


ay 





Map A's real guantiles were statistically Letter 
than the cther three maps during the daylight trials and 
Fetter than ali but Map D during the night trials. Thus, 
wnen fap A was used, 75 percent or the values were 


Sigtificantly better than the other mars. 


No statistical diiference exists between the mars at 
the 90th guartile during the daylight trials. The nigat 
triais produced a difference only in that Map D was the 
Statistically worst map. Based upon this statistic, sarc 0D 
was eliminated as the worst alternative anmcrg the fcur map 


products. 
See OMe ARTSCN OF THE MAPS BY AREAS C# THE crnOrS 


An alternative method cf ranking mart fEreducts involves 
returning to the X and Y valueS. Because of the methcc used 
to genérate the X and Y values, a commen checkpcirt was 
designated and the navigation errors can te placed ca a 
Single axis for each nmap preduct and trial. Observation of 
these errors on a common vlot leads to ancther methcd of 
ranking. Since tke gcal of MAPFRO III was to determine the 
rerformance cf the map products, one measure could [fe te 
Tank the maps by tke size c& the areas generated Ly a 
Fercentage of the results. Remembering that positive and 
negative values were available for X and Y values, the Lower 
rercentiles would , in general, reflect negative values and 


the higher fercentiles would reflect positive values. By 
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calculating the absolute distance petween icwer and higher 
rercentiles, a percentage of values wiil fall intc that 
absolute distance. By doing this for both kK and Y values 
and then multiplying the absolute distarce for X Ly the 
aksolute values for Y, an area which includes an 
approximation to a percentage of the (X,Y) values ir that 
areqa results. The size of the area then peccmes an analysis 
tool to rank the maps. An analogy exists witk the 
fercentiles given in previous sections for radial errors. 
fable xiII frovides the results of calculating the areas of 
50-sercent (75th Percentile minus the 25th Fercentile) and 
8O0-percent (90th Percentile minus the 10th Percentile) 
areas. The figures are in meters squared and the rark is 
Gaven With the smallest area being ranked 4 and the largest 
area being ranked 4. Fortunately, differences did net cccur 
gm the rankings fcr 5C-percent and 80-percent. Map A ranks 
Mest £Or both day and night trials as it did using radial 


SeLErcrcs. 





Piet tiie RANKINGS OF MAPS EY AREAS 


DAYLIGHT TRIALS 


“AP SOPCT 80PCT RANK 
A 304 1754 1 
B 342 6293. 2 
C 4OQ7 URS u 
D 407 TI39 3 


NIGHT TRIALS 


A 7108 8284 1 
B 2305 13640 S 
c 1300 9477 2 
Day 2336 15500 * 


The ANOVA technigue used by CDEC was afprropriate fer the 
distributicn of the é€rror data. However, a ranking cf tune 
Maps during navigational trials was not fpessible. J Miele thes sy 
the cther techniques employed, a ranking is possible fcr the 
Mavigaticn trials. Warp A, the map currently in use, is the 


rest of the alternatives presented. 


Meee APPLICATION OF THE RESULTS 


The sample size for the MAPPFQ IifL experiment was not 
large enough to reach a definite conclusicn on the data. 
Bien the date available, the conclusicn that the radial 
errors experienced during navigational trials 1s Gamma 


distributed is valid. This knowledge can ke used during 


4] 





future (and past) field experiments with pap products to 
perform farametric tests cn the estimated parameters 
generated by the actual data. The parameters for the Ganma 
distribution should be calculated as shown tc provide the 
kest results. Use cf the Fortran routines supplied will 
fermit the sinulaticn of the distributicn to check the 
fomeuatl data. Once this simulation is performed and the 
parameters meet the desired criteria, parametric tests can 
ke pertormed to evaluate the data. 
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APEENDIX A 


HRUSKA LoWALEES TESTE CATA 


NOTE: The £cllowing tables provide the test data from the 


Kruskal-wallis Test. The percents given are producec from 


the Cumulative Distribution Function which has values frem 0 
fered. 00. 
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(0,75) 
(0,80) 
(0,85) 
(0,90) 


(C, 95) 


(0,100) 


86 


86 


DAYLIGHT TRIALS 


50 


MAXI MUG 
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12 


12 
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(0,105) 
co 410) 
(0,115) 
(0,120) 
(0, 125) 
aor 130) 
(0, 7135) 
(0,140) 
(0, 145) 
fom 150) 
(0, 155) 
(0,100) 
(0, 165) 
eu, 170) 
(0, 175) 
(0,180) 
mur, G5) 
(C, 190) 
co, 195) 


(0,200) 


(0,>200) 
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B 
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86 
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89 
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91 
$2 
93 
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MAP 
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Ge 
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So 
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(0,50) 
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(0,65) 
(0,70) 
(0,75) 
(0,60) 
(0,85) 
(C, 90) 
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84 


12 
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NIGHT TRIALS 


ee 


So) 5) 


MAP 
D 
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MAXL MUA 
DiSSEReENCE 
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190 
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Q9 


11 


09 
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10 
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A B c LC MAXIMUM 
De Peer oe wereCiy TEC? | DIPPFERENCE 


(0,105) Sites? | eo aeco2 07 
(0, 1410) 86 89 89 ~~ 82 07 
. (0,115) 86 90 89 83 07 
(0,120) 86 90 89 @85 05 
(0,125) 88 91 90 a5 06 
fl, 130) 88 91 91 ~~ 6&5 06 
(0,135) 68 91 91° 85 06 
(C, 140) 86 93 91 #86 07 
(0,145) 69 95 92 88 07 
(0, 150) 8S 95 92 88 07 
(0,155) 90° 96 94 88 08 
(0, 160) 91 96 94 °&88 08 
(0,165) 91 9°98 96 89g 09 
(0, 170) 94 S8 96 89 09 
(0,175) 91 98 96 89 0g 
(C, 180) 91 99 96 8g 10 
(0,185) 92 99 96 90 09 
(C, 190) 93 100 97 92 08 
(0,195) 95 100 97 93 oF 
(0,200) 96 100 97 93 07 
(0,>200) 100 100 100 100 00 
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AFPENDIX E 


Pememekibs GENERATEL FOR THE BXPONENTIAI DiISTRIEUTICN 


NOTE; The results given are trem one thousand replicaticns 
cf 96 Expcnential génerazéd random variates. All values 
except £f£cor skewness, Kurtosis and coefficient of variation 
are in meters. The skewness, Kurtosis anc coefficient of 


variaticn are dimensionless guantities. 
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A. RESULTS FOK DAYLIGHT NAVIGATION 


1. Generated Heans, 1000 Replicati 


Mean 


Standard Deviation 


Skewness 


Kurtosis 


Mininuga 


Maxipuo 


Mean 


Standard-Leviation 


Skewness 


Kurtosis 


Minimun 


MaxlipunD 


MAP A 
82.23 
4.233 
G.017 
0.131 
29.13 


Se 


ae 


MAE C 


G7.40 


MAF C 


46.E7 


6.666 


Oi 26)3 


MAP D 


Gis. ZZ 


Oo 


D0. 6S 


Wipes 





3. Generated Skewness, 10060 Replicaticns 


a eee ce ce ee cg oe — —_ 


Hean 


Standard Deviation 


Kurtosis 
Mininum 


Maximun 


Nean 

Standard Leviation 
Skewness 

Kuctosis 

Mininua 


Maximum 


hee 


0.558 


1.088 


WAP A 


4.257 


ey 24 


MAP B 


1.809 


Ono TZ 


1.316 


Par sB ele 


Gor 


4.822 


aes = = _—— 


MAE C 


S10 


Bhs 718 


Joe (ae 


S20. 


-0.42 


Ps 





a» Generated Coefficient ci Variation, 

Reolicaticas 

ig aa sk MAP B MAE C 
Mean 0.993 0 289 Ue ges 
Standard Deviation 0.101 0.098 O2095 
Skewness On eS, 0.467 0.481 
Kurtosis 02724 Onea32 Os 
Minimum Oye 132 U2589 0.714 
Ma xinun 1.444 1.410 T2349 


Ny a2 MAP 3B MAE C 
Mean | 25.55 30.96 33.24 
Standard Ceviation 4.376 4.420 4.902 
Skewness Ome 99 C2257 0229") 
Kutosis OF. 102 Oa374 0.CE4 
Mininun Venue 18.07 20.20 
Maximum 44.07 47.76 54.05 





7. Generated 75th Quant: 


a Se Se ee oe eee = —ow 


Mean 

Standard Deviation 
Skewness 

Kurtosis 

Minimgun 


Maxinum 


Mean 

ean dara Ceviation 
Skewness 

Kuxtosis 

Minimun 


Maximum 


58 


hes) 


KD 





9. Generated Rangs, 1000 Replications 


SS es eee ce 


MAP A 
Mean PATA 
Standard Deviation 5.0.0 
Skewness 12002 
Kuztosis 1.334 
Mininunp 9E.69 
Maximum 470.0 


a, 


MAE UL 


Lo ad 


22) 5 25 


6.974 


1.4€2 


Wats) oe’ 


544.2 





Ee RESULTS FOR NIGHT NAVIGATICN 


Standard CLeviation 
Skewness 
Kurtosis 


Minimum 


Maxintun 


Standard [CLeviation 
Skewness 
Kurtosi1s 


Mininun 


MNaxinun 


er a PE an = 


Cie e)o ae 


0'°.G7 1 


re | 


6 0 


yee: 86 MAP D 
41g 63.C7 
5./C8 OG.) 1 
Oe al! 0.035 
Cra6 7 -0. 16 
Sacc C 43.27 
Cees 


Meare 6C MAE D 
ou. 16 | 
7.706 Sov ct 
Gas 63 C.420 
Ure 30 0.120 
Sa eee “OQ. 11 
Siac ioe 





3. Generated Skayness, 1000 Replications 


Mean 


Standard veviation 


Skewness 


Kurtosis 


Mininuo 


Maxinuo 


MAP A 


Late 4 s. 


Cees 


1.088 


dea 9510 


One) 


4.752 


4. Generated Kurtcsis, 1000 Replicaticns 


= So a ow coh Sr «a _ << 


Mean 

Standard Céviation 
Skewness 

Kurtosis 

Mininun 


Maximun 


7 a oS ot 
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—— ome eee cee ce 


nt o—- aoe GS ee cae 


Mean 


Standard Deviation 


Skewness 


Kurtosis 


Mininun 


Maximugo 


Mean 


Seandard Ceviation 


Skewness 


Kurtosis 


Mintinun 


Maxinun 


Coefficient 
HAP A MAP B 
0.993 0.989 
0.106 0.098 
0.62° 0.467 
On722 C.532 
152 C.6389 
1.444 1.4140 


WAP A 
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Mean 


Standard Déviation 


Skewness 


Kurtosis 


Maninun 


Maxipua 


64.39 


co facea |, 


0.287 


GE Bills: 


8. Generated SCth Qua 


— Pe ep ee ep <a 


Standard Leviation 


Skewness 


Kurtosis 


Minimum 


Maxinum 


MAP A 


102. 4 


See: 


Oy es), 


= Ghee 


Gt. a2 


146.9 


63 





Zz a7 


200 





Mean 


Standard 


Skewness 


Kurtosis 


Mininum 


Maxlgum 


Deviation 


Dice og 


1.002 


1.334 


GES & 


2) ile 


MAE C 


B02 


teres 


0.974 


1.4€2 


UPR te 


726.8 





Ree aN eC 


Poarove eek GENERATED POR THE GAMMA LISZRIBUTION 


NOTE: The results giver are from one thousand replications 
cf 36 Gamma generated rendom variates. All vaiues €xcect 
fcr skewness, kurtcsis and coefficient of variation are in 
meters. The skewness, Kurtosis and coefficient of variaticn 


are dimensicnléess cuantities. 
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A. RESULTS FOR DAYLIGHT NAVIGATION 


Mean 


Standard CLéeviation 


Skewness 


Kurtosis 


Minipun 


Maxinug 


ean 


Standard Ceviation 


Skewness 


Kurtosis 


Winigun 


Maxiaun 


66 


104.7 





36 


Mean 


Standara 


Sxewness 


Kurtosis 


Minimua 


MaxinumD 


ie 


Hean 


Standard 


Skewness 


Kurtosis 


Mininmun 


Maximum 


Ceviation 


CLeviation 


HaP A 


Zao 


Ome2 


7.196 


ANOS 


eure’, 


6.426 


67 


MAP B 


PARIS, 


0.806 


1.374 


296 


Ore Neie: 


6.344 


Se Se ae al ee ee CS 





Mean 
Standard Deviation 
Skewness 

hmuetosis 


Mininua 


Maximun 


6. Generated 5(th Quantile, 1006 Replications 


——— << <i om 


Mean 


Standard CLeviation 


Skewness 


Kurctosis 


Mininun 


Maximum 


Ccosfificient 
MAP A MAP B 
1.48 8 458 
0.175 0.178 
0.594 Og oa 
0259 lealo0 
1.064 1.072 
Ze la Ze1oo 
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Mean 
Standard Deviation 
Skewness 

Kurtosis 


Minimum 


Maximum 


8. Generated 90th Quantile, 1000 Replications 


Mean 


Standard Ceviation 


Skewness 


muctosis 


Mininunm 


Maxigun 


MAP A 


1 ese 


21.44 


OS Sante 


ON Felon 


54.49 


184.6 


69 


MAP B 
115.5 
20.86 
0.555 
0.457 
67.09 


Zia! 


MAE C 
118.4 
19.54 
0.484 
Oy syns: 
oO 20 


200.1 


MAP D 





Mean 


Standard Leviation 


Skewness 


Kurtosis 


Mininunm 


Maxinun 
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Ere RESULTS FORK NIGHT NAVIGATICN 


Mean 
Standard 
Skéuness 
Kurtosis 
Mininua 


Maxiauo 


Mean 
Standard 
Skewness 
MaEtCsis 
Mininun 


Maxinmuo 


a = ee See ae ae 


Ceviaticn 


Ceviation 


MAP A 


46.33 


59.944 


0.104 
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MAP B 


O Zen 


12430 


0.201 


=e 


OS 4S! 


MAE D 





a PF ee oa ee 


Mean 
Standard Léviation 
Skéwness 

Kurtosis 


Mincimua 


MaxigunD 


W. Generated 


we) Pe eee DP ee ee ce => 


Mean 


Standard CLeviation 


Skewness 


Kurtosis 


Mininugo 


Maximug 


_- = == 


=. 


=P 2 aw oe = ——_ 


MAP B 


5.074 


fe) 


MAE C 


Ses 22 








3 Gengrated Coefficient cf Variation, 
Replicaticns 
HAP A MAE B MAE C MAP D 
Mean diaZ23 7 1.088 1.340 0.944 
Standard Deviation 0.144 0.114 Onis 0.050 
Skewness 0.58 74 0.672 Gz oiG 0.424 
Kurtosis C2304 1.040 1055 0.554 
Minigun Oe 3u72 0.814 0.945 O57.238 
Maxinun 1.843 15 Speke: Zee Wesco 
5. Generated (th Quantile, 1000 Replicgtions 
ru Se MAE B ane c MAP D 
Mean 24.50 40.62 21aGA 29.14 
Standard CLeviation 4.929 Sg oe ites 0 4.06S 
Skewness 0.544 O22I5 O.44s Vreee 
Kurtosis 1.610 22383 Geez 2U Oare2 
Minigup Vie36 Fe.071 Ove t 1Tae@e9 
Maxinunm 30531 68.74 Bas oS GZe5 
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Ws 


Se wee cee eet Sc = SE ee ce 


MAE A 
Mean O27 
Standard CLeviation 10537 
Skewness 0.413 
fut cosis 0.280 
Yininun 36.83 
Maxigum 11037 

ae 


—_ eee ee ee ee ee ee Pe ee oe 


MAD A 
Méeaa tig Be eee! 
Standard CLeviation teeos 
Skewness | 303 
Kurtosis 0.071 
Minipun 6€.04 
Maxipug ede 
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9. Généerated Rangs, 1000 Replications 


ee ep Gee SP eee ee ee ee a <p 


MAP A MAP B MAP C MAE D 
Mean Sige. 2 360.4 Oe Vous 2 
Standard Leviation Sere ee Son 13 len? <0 4u,&5 
Skewness 1.283 ie 2s 0 do 1 Cec c5 
Kurtosis FAP S)A 9 Pes) Zea t2e 1.047 
Mininun los 5 Neo. 9 Lesh ORs Y- Go c4 
Maxinunp (LSBs Susie ys S, A Osea 2s GS 
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